Backgrounds/Aims: Complete elimination of intrahepatic duct (IHD) stones is difficult and IHD stone disease is frequently associated with various complications, recurrence and sometimes cholangiocarcinoma. Therefore, we analyzed the long-term surgical results and evaluated the management currently considered appropriate. Methods: Overall 110 patients who had been diagnosed with benign IHD stone disease and who underwent surgical treatment were enrolled in this study. The patients were categorized into three groups according to the type of surgery performed; liver resection (LR) group, intrahepatic duct exploration (IHDE) group and hepaticoenterostomy (HE) group. We compared and analyzed the results of these three groups. Results: The number of cases in the LR group, IHDE group and HE group were 77, 25 and 8 respectively. The LR group required a longer operation time (p=0.000), more frequent transfusion (p=0.028) and had higher morbidity (p=0.049). However, the LR group had a higher clearance rate (90.9%) (p=0.000) than the other groups. In addition, there were a total of 22 cases of IHD stone recurrence during the follow-up, but there was no statistically significant difference among the three groups. The location of IHD stones was related to a risk factor for incomplete stone removal, but not for recurrence. Conclusions: The fundamental principle for the treatment of IHD stone disease should be liver resection. However, it can lead to a longer operative time and higher rate of complications than the other procedures. There is also no difference in the IHD stone recurrence rate among the procedures. Therefore, these alternative and minor procedures could also be taken into account for patients with poor preoperative condition. 
INTRODUCTION
Intrahepatic duct (IHD) stone disease is considered when biliary stones exist within the bile ducts in the liver, especially at the proximal portion of the bifurcation of the right and left main hepatic ducts. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] IHD stones can be classified according to their origin. Primary IHD stones develop in the IHD initially and are commonly accompanied by stricture of the bile ducts. Secondary IHD stones are formed within the common bile duct (CBD) or gallbladder and then move into the IHD.
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IHD stones are prevalent among patients between 40 to 50 years of age. This indicates that IHD stones are prevalent in a younger age group than that of patients with gallbladder stones. [1] [2] [3] [4] [5] [6] [7] IHD stones develop more frequently in women and also have a tendency to occur in the left liver.
Geographically, primary IHD stones are relatively common in East Asian countries including Korea, Japan, China and Taiwan. On the other hand, this disease is very rare in Western countries. [1] [2] [3] 5, 6, 8 IHD stones are the common cause of recurrent cholangitis and liver abscess that sometimes can cause septic conditions and lead to fatal results, and IHD stones are the risk factor for biliary cirrhosis and cholangiocarcinoma. 1, [3] [4] [5] [8] [9] [10] [11] Therefore the timing and method of treatment can affect the prognosis of patients with IHD stones.
Additionally, cholangiocarcinoma can occur in 2.4-10.0%
of patients with IHD stones. 3, [12] [13] [14] Hence, the probability of developing cholangiocarcinoma is always taken into account during the diagnosis and treatment of IHD stones and even during the follow-up examination in the clinical field.
In the recent years, the treatment for IHD stone disease has aimed to achieve complete stone removal using the surgical approach. But it is hard to choose the appropriate surgical modality due to the difficulty in removing the stones completely during operation, frequent complications after operation and higher recurrence rate. Therefore, there have been considerable changes in the treatment modality for the IHD stone disease and the debate regarding the appropriate surgical modality has continued till date. 1, [5] [6] [7] 15 It was reported that choledochoenterostomy was carried out more frequently than hepatectomy before the year 1985, but from the year 1986 onwards, hepatectomy has been performed more frequently than choledochoenterostomy.
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In this study, we tried to determine the most effective surgical modality for the IHD stone disease by analyzing the parameters such as clearance rate and recurrence rate, and the risk factors affecting these parameters in three types of surgical treatments.
METHODS
From January 2000 to January 2010, 110 patients who had been diagnosed with IHD stone disease and who had undergone surgical treatment at our hospital were enrolled in this study. These patients had been diagnosed with benign disease only and had received adequate information on various surgical treatment options and findings.
Adequate informed consent was obtained from the patients regarding surgical decision, risk and results.
According to the modality of surgical treatment, the patients were categorized into three groups, one group was of the patients who had undergone liver resection (LR Residual or recurrent IHD stones were distinguished from each other based on the two-month time point of detection, so the stones which were detected at two months after operation were diagnosed as recurrent IHD stones. 10 Abdominal ultrasonography or CT was performed annu- 
RESULTS
The average age of the 110 patients enrolled in the study was 60.8±12.9 years and 40 patients were males and 70 patients were females. 23 patients (20.9%) had a prior history of IHD stone disease and among them, 12 patients (Table 1) . Among the patients diagnosed with IHD stones, 77 patients (70.0%) underwent liver resection, 25 patients (22.7%) underwent IHD duct exploration only and the other 8 patients (7.3%) underwent only hepaticoenterostomy without liver resection. Cholecystectomy was performed in 36 patients (59.0%) while the patients who had a prior history of cholecystectomy were excluded ( Table 2) . The mean operation time was 366.6±123.7 minutes in the total patients. The mean operation time in the LR group, HE group and IHDE group was 405.4±120.5 minutes, 302.5±66.7 minutes and 270.0±65.5 minutes respectively, and a statistically significant difference was seen among the three groups (p=0.000) ( Table 3) . Postoperative complications occurred in 26 (23.6%) of the 110 patients. 23 complications occurred in the LR group with an incidence of 29.9% and 3 complications occurred in the IHDE group with an incidence of 12.0%. The difference in the incidence between the two groups was statistically significant (p=0.049). Of the 110 patients, 28 patients (25.4%) received transfusion postoperatively.
In the LR group, postoperative transfusion was given to 25 patients (32.5%) and to 3 patients (12.0%) in the IHDE group. This result was also statistically significant (p=0.028). During the perioperative period, 7 cases (6.3%) of malignancy were identified. All of them had histological cholangiocarcinoma of an early stage and liver resection with cholecystectomy was carried out in these cases.
There was no recurrence during the follow-up period (Table 3) . There were two postoperative deaths in the LR group only, one was due to septic shock and the other was due to uncontrolled postoperative bleeding (Table 3) . Both cases had poor preoperative conditions and complications.
Residual stones were identified in 21 patients immediately after the operation and additional residual stones were detected in three patients within 2 months during the short-term follow-up examination. Meanwhile, of the 21 patients in whom residual stones were detected immediately after the operation, 4 patients did not have residual IHD stones on postoperative radiologic examination. We think that the residual stones could have been excreted naturally in these patients. Thus finally, the total number of patients with residual stones was 20 and the stone clearance rate in our study was 82.0%. Difference in the stone clearance rate among the three groups was statistically significant, the stone clearance rate was 90.9% in the LR group, 75.0% in the HE group and 56.0% in the IHDE group, respectively (p=0.000) ( Table 3 ). Comparing the risk of residual stones based on the distribution of stones in the liver, the occurrence rate of residual stones was 13.6% when the stone was located in a unilateral lobe, whereas when the stone was located in the bilateral lobes, the occurrence rate was 63.2%. The risk of residual stones in the patients with bilateral IHD stone disease was four times higher than that in those with unilateral IHD stone disease and it was statistically significant (OR 3.977; 95% CI 1.289-12.271; p=0.012). Meanwhile, the existence of complex hepatic lesions, namely liver atrophy, abscess, ductal stricture, cholangitis and biliary cirrhosis did not affect the incidence of residual IHD stones in this study ( Table 4) . The mean follow-up period for this study was 30.9 months and it was not different among the three groups.
During the follow-up period, relapse of IHD stone disease occurred in 22 patients and the recurrence rate was 20.0%.
Comparing the stone recurrence rate in each group, the number of stone recurrences was 13 in the LR group, 3
in the HE group and 6 in the IHDE group, and the recurrence rate was 16.9%, 37.5%, and 24.0% respectively, which was not a statistically significant difference (p=0.291) ( (Table 5) .
DISCUSSION
IHD stone disease has been considered clinically as a malignancy due to the less likelihood of complete recovery, high incidence of recurrence and complications.
Moreover, it may lead to the development of cholangiocarcinoma even after complete elimination of all the stones is achieved. Hence, it is accompanied by the difficulties and torments of making a decision regarding the modality of the treatment to be used. 1, [5] [6] [7] 15 In fact, surgeons sometimes encounter patients with complex IHD stone disease who have poor general conditions. The patients are mostly older in age having systemic diseases, such as cardiovascular, pulmonary disease and/or diabetes mellitus, or they allow the disease to progress and visit the hospital very late. In these cases, surgeons have to agonize over selection of the best treatment for these patients although they are aware of the traditional surgical treatment modalities. Therefore, clinical trials are needed to determine the most effective surgical modality for the treatment of IHD stone disease, and an analysis of the risk factors that affect the outcomes of the operation such as stone clearance rate, recurrence rate and complications after the operation is very important.
According to the previous studies, the incidence of postoperative complications was 12.0-38.5% after LR, 24.3-38.0% after HE and 2.1-40.0% after IHDE. [5] [6] [7] [8] 10, [18] [19] [20] [21] [22] [23] In this study, the incidence of postoperative complications was 29.9% after LR, 12.0% after IHDE and there were no cases of postoperative complications after HE. The incidence of complications in patients who underwent LR and IHDE was in concordance with the results of prior studies, but the patients who underwent HE showed a highly lower incidence of complications. 5, 8, 18, 21 This was probably due to the bias as a result of the small number of patients in the HE group than in the other groups. But, the difference in the postoperative complication rate between the LR group and HE group was statistically significant and it could be an important consideration while selecting the surgical treatment modality in patients with IHD stone disease. IHD stones are the well known risk factors for cholangiocarcinoma and cholangiocarcinoma has been shown to occur in 2.4-10% of patients with IHD stones. 3, [12] [13] [14] In this study, although the cases suspicious for malignancy on preoperative evaluation were excluded, 7 patients (6.3%)
were diagnosed with incidental cholangiocarcinoma during the operation or postoperative period.
The clearance rate of the IHD stones in this study was 90.9% in the LR group, 56.0% in the IHDE group and 75.0% in the HE group. This difference was statistically significant. The clearance rate after LR was 88.0% in the study by Uenishi et al. 5 and was 83.3% in the study by Cheon et al., 21 and these results coincided with the result of our study. On the other hand, it was reported that the clearance rate after IHDE was 63.9-78.2%. 5, 21, 23 And, the clearance rate after HE was 51.4% in the study by Uenishi et al. 5 These results of the prior studies showed a marked distinction from the results of our study. This can be ex- The recurrence rate of IHD stones after treatment has been reported to be about 6. Comparing the patients with IHD stones localized in a unilateral hepatic lobe and bilateral lobes, the latter showed a 4.0 times higher incidence of residual stones after the treatments, although there was no definite significant difference in the recurrence rate of IHD stones.
The report by Yang et al., 24 
